tion and separation of iron with isopropyl ether, ashing, and electroplating techniques, and accuracy of the method. Jour The purpose of this investigation was to study the effect of varying rates of copper and phosphorus upon the absorption and translocation of iron and the incidence of chlorosis in several plant species known (2, 3) to vary in their susceptibility to chlorosis, and to make comparative studies between chlorosis-susceptible and nonsusceptible soybean plants as to the iron concentration required in solution to prevent chlorosis.
METHODS, MATERIALS AND RESULTS EFFECT OF INCREASING RATES OF COPPER AND PHOSPHORUS UPON THE INCIDENCE OF CHLOROSIS:
Six levels of copper sulfate, 0, 25, 50, 100, 200, and 400 ppm; and 5 levels of P205 as phosphoric acid: 0, 100, 200, 400, and 800 ppm were applied to soil mixtures consisting of 0.80 kg calcareous soil and 1.0 kg organic soil. This soil mixture gave a growth medium relatively low in available Cu and P. Each pot received 1.0 gm of KNO3. Thatcher spring wheat (Triticum sativum), Colora rice (Oryza sativa), PI-54619-5-1 and Hawkeye soybeans (Glycine max) were grown on each treatment. The wheat and rice were grown at different times, but the two soybean varieties were grown at the same time in the same pots.
Eight soybean plants were grown in each pot, 4 Wheat was the only plant that developed Cu-deficiency symptoms, resulting in decreased yields, when CUSO4 was not added to the soil mixture. Table I shows the effect of Cu and P applied to the soil mixture at different rates and ratios upon the concentration of Fe in the leaves of wheat and rice and the total Fe in the two soybean varieties. One-half of the pots in each treatment received 150 ppm of chelate DTPA (diethylenetriamine pentaacetic acid).
The plants were harvested, frozen overnight at -100 C, sap pressed from the plants, pH of sap determined, and the Fe and P determined in the sap and residue as described above.
The P concentration was lower in the sap of both varieties of soybeans when DTPA was added to the calcareous soil (fig 4) . DTPA alleviated chlorosis and increased the yield of PI-54619-5-1 soybeans, but it did not affect the yield of the nonchlorotic Hawkeye soybeans. There appeared to be no relationship be- (table IV) .
To check the observations which were made in the field concerning the effects of a green manure crop on the development of chlorosis, Telephone (dark podded) peas were grown in the soil mixture described above. The plants were harvested when they were about 20 cm high and cut into small pieces. These pieces were mixed thoroughly into the soil and then 4 PI-54619-5-1 and 4 Hawkeye soybeans were planted in each pot. The plants were harvested after chlorosis had developed (30 days). All of the leaves were removed from the plants and dried in a forced draft oven. The ten elements were determined spectrochemically in the leaves as previously described.
Chlorosis-susceptible PI-54619-5-1 soybeans developed chlorosis where the green manure crop was mixed into the soil mixture. The chlorotic leaves had a higher concentration of Cu and P and less Fe than nonchlorotic leaves (table V) . Comparative data are also given in this table for the Hawkeye soybeans which did not develop chlorosis nor show any change in Cu and P concentrations in the leaves. Chlorosis did not develop in either variety of soybean where a green manure crop was not used and the mineral composition of their leaves did not vary appreciably between varieties. DISCUSSION Microelement imbalance has been observed (5, 7, S, 10, 12, 16) to be a causative factor in Fe chlorosis. Phosphorus has been reported (6, 9) to exert a marked influence on the absorption and utilization of Fe. Under the conditions of the experiment reported here, P applications to the growth medium induced iron chlorosis only if Cu was also applied. That is, P and Cu were much more effective in causing Fe chlorosis if applied together than if either element was applied alone. The rate of Cu application, however, did not affect the P accumulation in either the sap or residue.
In respect to the incidence of chlorosis, there was no difference in the P concentration of the residues from either chlorotic or nonchlorotic soybeans. A P differential, however, was found in the sap portion, there being more of the element in sap from chlorotic than in that from the nonchlorotic plants. The Fe concentration in the sap was not related to the P in the sap in these experiments. But other experiments with chlorotic lupines and with Cu-deficient corn (unpublished data) showed a relationship between the accumulation of P and of Fe in the respective plants.
A Cu-P effect upon the utilization of Fe from the growth media by chlorosis-susceptible soybeans was apparent, in contrast, to no effect upon the chlorosisnonsusceptible soybeans. This difference was very marked and is known to be genetically controlled (15) . It may explain the reasons why chlorosis-susceptible soybeans require a greater concentration of available Fe in the growth media to prevent iron chlorosis than the nonsusceptible variety.
Iron chlorosis appears to be caused by several different factors that are dependent upon the physiology of the plant species. In comparing Thatcher spring wheat wvith PI-54619-5-1 soybeans, the difference in susceptibility to chlorosis might be due to the effect of the dominance of specific metabolic systems, the one requiring Cu in wheat and the other requiring Fe in soybeans. Copper and P together decreased the absorption and utilization of Fe in the PI-54619-5-1 soybeans, but did not have this effect in wheat or in 
SUMMARY
Field and greenhouse experiments showed that the elements most consistently affected in a comparison of chlorotic and nonchlorotic leaves were Cu, P, and Fe. Cu and P were higher and Fe lower in chlorotic than in nonchlorotic leaves.
Under the conditions of these experiments, increasing additions of P did not affect the absorption or utilization of Fe, to the extent that chlorosis developed, unless Cu was also present in the growth media. Copper and P were more effective in producing chlorosis if applied together, than if either element was applied separately. Plant species and varieties investigated differed in their susceptibility to this Cu-P induced Fe chlorosis. 
